Objective: To evaluate the risk factors including tumor histomorphology for survival specific to follicular thyroid carcinoma (FTC) and to apply commonly employed staging systems in predicting survival for patients with FTC. Summary Background Data: FTC is usually analyzed collectively with papillary thyroid carcinoma (PTC) in risk group analysis. Risk factors and risk group analysis are important in the management of patients with FTC, although current published therapeutic guidelines call for total thyroidectomy followed by radioactive iodine (I 131 ) ablation for all FTC patients. Methods: Over a 40-year period, 156 patients surgically treated for FTC with an average follow-up of 14.4 years were retrospectively studied after histologic reclassification according to the type and degree of invasiveness of the tumor. Potential risk factors for survival were calculated using multivariate analysis, and the prognostic accuracy of AMES risk group stratification, UICC/AJCC pTNM staging, Degroot classification, and MACIS scoring schemes in predicting survival was compared. Results: Seventeen (11%) patients had distant metastases at presentation, and bilateral thyroid resection was performed for 131 (84%) patients. Seventeen (11%) patients died of recurrent or metastatic disease. The overall and cancer-specific survival (CSS) rates at 10 years were 79% and 88%, respectively. None of the patients with minimally invasive (n ϭ 49) or angioinvasive (n ϭ 23) carcinomas died compared with 17 of 84 patients with widely invasive carcinomas (P ϭ 0.0007). Using the Cox proportional hazards model, old age, the presence of distant metastases, and incomplete tumor excision were independent prognostic factors for survival. For patients who underwent curative treatment, old age and widely invasive carcinoma were risk factors for poor survival. All staging systems studied accurately predicted CSS, and the pTNM UICC/ AJCC staging system yielded the best prognostic information. Conclusions: Commonly adopted staging systems can be applied specifically to patients with FTC. The distinction of FTC in mini-mally invasive and widely invasive carcinoma based on the extent of invasiveness rather than vascular invasion is important in identifying low-risk FTC patients for a more conservative management. (Ann Surg 2005;242: 708 -715) From the
P rognostic indicators for thyroid cancer have been well documented. Several previously reported schemes have been applied for predicting the survival of thyroid cancer and in the management of patients with well-differentiated thyroid carcinoma (WDTC). However, these prognostic indices have been developed in heterogeneous groups of patients with thyroid cancer, 1 collectively in patients with WDTC, [2] [3] [4] [5] [6] [7] or primarily in patients with papillary thyroid carcinoma (PTC). 8 -12 Identification of prognostic indicators for survival of follicular thyroid carcinoma (FTC) [13] [14] [15] [16] [17] [18] [19] [20] and application of these reported schemes specific to FTC patients [21] [22] [23] have been attempted individually but not concomitantly.
Apart from size and extrathyroidal invasion, histologic features including the type and extent of invasion are not usually incorporated as prognostic indicators in predicting disease recurrence or survival in FTC. However, FTC is classified into minimally invasive or widely invasive carcinoma with distinct clinical course and outcome. 24 -27 In addition, it has been suggested that minimally invasive FTC with vascular invasion should be distinguished from those with capsular invasion alone because of the greater probability of recurrence and metastases in the presence of angioinvasion. 14,28 -30 The need of subclassifying minimally invasive carcinoma into tumors with capsular invasion alone (truly minimally invasive) or with angioinvasion (moderately invasive or angioinvasive) remains controversial. 17, [27] [28] [29] [30] The purpose of the present study was to document the prognostic factors for survival specific to FTC with the incorporation of histologic subclassification according to the type and extent of invasion. The role of histologic types in predicting survival as well as in the management of patients with FTC was studied. The applicability of those commonly used prognostic scoring systems or risk group stratification schemes used for PTC or WDTC to predict the diseasespecific survival in this group of pure FTC patients treated over the past 4 decades was evaluated and compared.
MATERIALS AND METHODS
Complete data were available for 655 patients with WDTC surgically treated at Queen Mary Hospital from 1961 to 2000. The surgical specimens were reexamined histologically by a single pathologist (K.-Y.L.) and 156 patients with well-differentiated FTC were identified for retrospective analysis. Patients with a diagnosis of occult microcarcinoma during thyroidectomy for benign conditions or with poorly differentiated (insular) thyroid carcinoma were excluded. Patients were classified into histologic subtypes, which consisted of those with minimally invasive (encapsulated) carcinoma or those with widely invasive carcinoma, according to the extent and degree of invasiveness. 24, 27 Widely invasive carcinoma demonstrates extensive areas of invasion at the gross and microscopic levels, with evidence of tumor extending beyond the tumor capsule and diffusely infiltrating the affected lobe or entire gland. 24, 28 Minimally invasive FTC was further subdivided into minimally invasive FTC with capsular invasion only or with vascular invasion (angioinvasive) according to the type of invasion. Minimally invasive carcinoma with capsular invasion only (minimally invasive FTC) was diagnosed based on total encapsulation without macroscopic invasion and capsular invasion alone was identified on histologic examination. 29 Angioinvasive FTC refers to a grossly encapsulated FTC, not a widely invasive type, with demonstration of vascular invasion. 19, 28 Extrathyroidal invasion was defined as the extension of tumor beyond the thyroid capsule to the perithyroidal tissue.
Bilateral thyroid resection, including total/near-total thyroidectomy or unilateral total and contralateral subtotal lobectomy (Dunhill's procedure), was adopted as the procedure of choice for the majority of patients from 1961 to 1990. Since 1991, it has been reserved for patients with widely invasive FTC after histologic examination. Adjuvant radioiodine (I 131 ) and whole body scintigraphy were used for the majority of patients after bilateral thyroid resection. Postoperative complications with reference to recurrent nerve palsy and hypoparathyroidism were documented by the use of routine postoperative laryngoscopy and serum calcium monitoring as well as during follow-up visit.
Patients were followed by the same surgeon (C.-Y.L.) in conjunction with a clinical oncologist (K.-Y.W.) at a combined thyroid cancer clinic. Thyroxine suppressive therapy has been administered to patients after I 131 therapy with thyroglobulin monitoring available since 1990. Follow-up data, including overall mortality, disease-specific mortality, mortality due to other unrelated causes, locoregional recurrence, and distant metastases, were obtained. Information on details of deaths was retrieved from death certificates and autopsy reports. Patient follow-up averaged 14.4 years (range, 0.1-38.6 years). The mean follow-up for patients still alive at last follow-up was 16 years (median, 11.1 years), with 1 year being the minimum. The cancer-specific survival (CSS) rate was calculated at 5 and 10 years after the initial surgical treatment with standard life-table methods by use of the Kaplan-Meier method. 31 In the present study, covariates affecting CSS were analyzed in this group of patients with FTC. A univariate analysis was conducted for CSS using the Kaplan-Meier estimation method for the following variables: age at diagnosis (men Ͻ40 and women Ͻ50 versus men Ն40 and women Ն50 years), sex, tumor size (Յ5 cm versus Ͼ5 cm), extrathyroidal invasion, lymphovascular invasion, lymph node metastases, initial distant metastases, tumor histologic types, thyroidectomy types (bilateral resection versus unilateral lobectomy), completeness of operation (incomplete versus complete), postoperative I 131 ablation therapy, and external beam irradiation. Significance testing for differences in survival was performed with log-rank test for comparison between groups. A multivariate analysis was performed with BMDP statistical package using those variables significantly related to survival derived in the univariate analysis under the assumption of the Cox proportional risk regression hazards model. 32 The significant risk factors were given with the hazard ratio (95% confidence interval) of each category. P value Ͻ0.05 was regarded as statistically significant. Subgroup analysis was performed to evaluate the role of histologic typing in predicting survival as well as in the management of patients with FTC. In addition, the application of several risk group stratification, staging systems, and prognostic scoring schemes including AMES risk group stratification, 2,3 Degroot classification, 9 UICC/AJCC pTNM staging system, 33 and MACIS scoring scheme 11 in predicting CSS was evaluated. Risk group stratification was allocated according to the schemes originally described, and the indices used for different scoring systems were calculated by the formulas obtained from the original studies (Table 1) . Comparison between the staging systems was made by calculating the proportion of explained variation (PVE). 34 The scoring system associated with a larger PVE would be the better predictor of survival.
RESULTS
There were 25 men and 131 women with a median age of 44 years (range, 13-84 years). The primary tumor size ranged from 0.3 cm to 14 cm (median, 3 cm). Five (3%) patients had histologically confirmed lymph node metastases, and distant metastases were evident in 17 (11%) patients at presentation either by radiography or whole body scintigraphy. The site of distant metastases included skeletal (n ϭ 7), lung (n ϭ 3), both skeletal and lung (n ϭ 3), brain (n ϭ 2), mediastinum (n ϭ 1), and scalp (n ϭ 1). According to AMES stratification, 105 and 51 patients belonged to the low-and high-risk group, respectively. Fifty-eight, 81, and 17 patients classified as Degroot classes I, III, and IV, respectively. At presentation, after the distribution of patients into stages according to the AJCC/UICC pTNM classification adjusted for age, 81 patients corresponded to stage I, 19 to stage II, 39 to stage III, and 17 to stage IV. There were 99, 21, 15, and 21 patients with MACIS scores of Ͻ6, 6 to 6.99, 7 to 7.99, and Ͼ8, respectively. The tumors were classified histologically into minimally invasive (n ϭ 49), angioinvasive (n ϭ 23), and widely invasive (n ϭ 84) carcinomas. Extrathyroidal invasion was evident in 16 (10%) patients, whereas lymphovascular invasion was detected in 76 (49%) patients.
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Follicular Thyroid Carcinoma Bilateral thyroid resection was performed for 131 (84%) patients. Operative procedures included unilateral lobectomy in 25, Dunhill's procedure in 11, and total or near-total thyroidectomy in 120 patients. Total or near-total thyroidectomy was performed either as a primary operation in 59 patients (11 of whom had previous partial thyroidectomy) or a staged completion procedure after unilateral lobectomy in 61 patients. Eight of 111 operations were unilateral lobectomy from 1961 to 1990 compared with 17 of 45 procedures from 1991 to 2000 (P Ͻ 0.001; Fisher exact test). The proportion of minimally invasive carcinoma was comparable between these 2 periods (32 of 111, 25% versus 17 of 45, 29%). Ten (3% of nerve at-risk) patients developed transient unilateral recurrent nerve paralysis, whereas 1 (0.4% of nerve at-risk) patient had permanent nerve palsy. Twenty-six (20%) and 8 (6%) patients of 131 patients at-risk had transient and permanent hypocalcaemia.
Adjuvant radioiodine (I 131 ) in a standard dose of 100 mCi was administered to 116 of 131 (89%) patients after bilateral thyroidectomy, while 8 of them, in addition, received external beam irradiation before I 131 therapy. All 17 (100%) patients with distant metastases received I 131 therapy compared with 99 of 139 (71%) patients without distant metastases (P Ͻ 0.007). Three of 6 (50%) patients with residual tumors after an incomplete excision underwent external beam irradiation in comparison with 5 of 150 (3%) patients after macroscopic tumor clearance in the presence of pT4 tumors (P ϭ 0.002).
At the time of the study, 38 patients died over a median duration of 87 months (range, 2.2-317 months). Seventeen (11%) patients died of recurrent and/or metastatic disease over a median duration of 46 months (range, 2.2-104 months), and 21 patients died of unrelated diseases with 8 of which due to other malignancies. The overall 5-and 10-year actuarial survival rates were 89% and 79%, respectively. The 5-and 10-year CSS rates were 94% and 88%, respectively, whereas the disease-free survival rates were 87% and 77%, respectively ( Fig. 1 ). Of the 17 patients presenting with distant metastases, 9 died of thyroid cancer and 3 died of unrelated causes. Three patients were reverted to disease-free 4 to 20 years (median, 12 years) after the initial treatment, whereas 2 patients were alive with metastatic diseases. All except 1 patient with distant metastases had widely invasive carcinoma. That patient had an angioinvasive carcinoma documented to have sternal metastasis with complete response to external irradiation and I 131 therapy, but subsequently died of carcinoma of the bladder 2 years after the initial treatment of her thyroid carcinoma. Nine (7%) of 135 patients without distant metastases or residual disease after surgical treatment developed recurrence more than 6 months after the initial surgery, including 5 locoregional, 3 distant, and 1 both. The median time to develop recurrence was 7.3 years (range, 23 months to 13.2 years). One of 71 patients with angioinvasive carcinoma developed locoregional recurrence compared with 8 of 64 patients with widely invasive carcinoma (P ϭ 0.013).
A univariate analysis for CSS showed that old age (men Ն40 years; women Ն50 years), widely invasive follicular (Table 3) . Twenty-one patients had initial distant metastases or residual disease after an incomplete surgical excision and 12 died of thyroid carcinoma during follow-up. Patients without distant metastases or residual disease were regarded as having a curable surgical treatment (n ϭ 135), and only 5 patients died of thyroid carcinoma (P Ͻ 0.00001). Those with widely invasive carcinoma had a significantly worse survival compared with those with minimally invasive together with angioinvasive carcinomas. Five of 64 patients with widely invasive carcinoma died compared with none of 71 patients with minimally invasive or angioinvasive carcinomas (P ϭ 0.03). Similarly, survival was significantly worse for older 
Follicular Thyroid Carcinoma patients (5 of 53 older patients versus 0 of 82 younger patients, P ϭ 0.003). All other factors analyzed were not statistically significant. Subgroup analysis of 64 patients with widely invasive carcinoma who underwent curable surgical treatment showed that either bilateral thyroid resection or the administration of I 131 therapy improved CSS, although the difference was only approaching statistical significance. One of 4 (25%) patients who received unilateral lobectomy died compared with 4 of 60 (6.7%) patients who underwent bilateral procedures (P ϭ 0.07). In addition, 3 of 52 (5.8%) patients who received postoperative I 131 compared with 2 of 12 (16.7%) who did not receive I 131 died of FTC (P ϭ 0.08). All risk group stratification schemes and prognostic scoring systems evaluated including AMES risk group strat-ification, Degroot classification, UICC/AJCC pTNM staging, and MACIS scoring systems accurately predicted CSS (Fig.  3) . The difference between the respective stages and/or risk groups was highly significant for every stratification scheme and staging system (P Ͻ 0.00001) in predicting CSS. The PVE associated with each system was in descending order: 20.12% for UICC/AJCC pTNM staging, 17.51% for MACIS, 16 .97% for AMES, and 16.49% for Degroot class.
DISCUSSION
FTC is a relatively rare form of thyroid cancer accounting for 4% to 39% of all thyroid malignancies, 27 and they usually constitute only a small proportion of the study cohorts for thyroid cancer. [2] [3] [4] [5] [6] [7] [8] Despite classified collectively as WDTC, PTC, and FTC have distinct clinicopathologic features, biologic behavior, and clinical outcome. 4 -7 FTC is generally considered to be a more aggressive tumor than PTC and is associated with a worse prognosis. Patients with FTC often present with more advanced stage diseases and a higher incidence of distant metastases because of the propensity of vascular invasion. In contrast, lymph node metastasis is quite uncommon in FTC with an average incidence of Ͻ10%. 27 However, patients with FTC and PTC have similar prognosis when they are matched for age and stage. 18 Various variables including older age, 13, 18 distant metastases at presentation, 13, 14, 17, 35 extrathyroidal invasion, 27 nodal metastases, 37 larger tumor size, 20 marked vascular invasion, 13, 19 widely invasive histologic subtype, 24, 26 and postoperative locoregional disease 35 have been identified as the independent prognostic factors for survival in multivariate analysis. In our previous study on 64 patients with FTC having a minimum follow-up of 7 years, the presence of distant metastases was the only independent factor for poor survival in the multivariate analysis. 17 In the present study, by cumulating a larger number of patients with a longer follow-up period, old age and incomplete tumor excision were identified to be the additional independent risk factors for survival.
Risk group stratification has been applied in the management of patients with WDTC. 2,3 Some of the risk group stratification schemes were applied for both histologic types of WDTC, 2,6,7 whereas others were evaluated for PTC only. 9, 10 In the past, the scores for metastases, age, completeness of resection, invasiveness, and size (MACIS, Mayo Clinic), 10 and intrathyroidal tumor, nodal metastases, extrathyroidal tumor, and distant metastases classification (Degroot classification, University of Chicago) 9 were derived from patients with PTC. In addition, the scores for the age, metastases, extrathyroidal invasion, and size (AMES, Lahey Clinic) 2,3 and UICC/AJCC pTNM staging 33 had been applied collectively for patients with WDTC. In the present study, it was shown that these risk group stratification, classification, staging system, and prognostic scoring schemes could be applied with prognostic accuracy specifically for patients with FTC. The applicability of these stratification schemes and scoring systems to patients with FTC was consistent with the identification of the 3 independent prognostic factors in the multivariate analysis for survival. These factors, including old age at presentation, the presence of distant metastases, 
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The theoretical application of these risk-related groups is to define a set of patients in which a limited operation and possibly no I 131 treatment would be appropriate to avoid morbidity of a more aggressive treatment. However, despite the identification of these prognostic factors, current published therapeutic guidelines call for total thyroidectomy followed by I 131 ablation for all patients with FTC 7,36 because of the poorer survival of FTC compared with PTC patients. Although there have been no ultrastructural, morphometric, flow cytometry, immunohistochemical, or oncogene expression studies proven to be reliably predictable in separating benign from malignant neoplasms or between grades of carcinomas, 27 histomorphologic criteria have been frequently adopted and applied to separate these categories in FTC. Nevertheless, it remains as a source of confusion because of the different classification and histologic criteria used by different pathologists. 27, 30 Apart from classifying the tumors into intrathyroidal or extrathyroidal based on thyroid capsular extension, 35, 37 FTC was more commonly classified as either "minimally invasive encapsulated" or "widely invasive" by the Armed Forces Institute of Pathology classification, 28 which followed the WHO guidelines. 24 A diagnosis of minimally invasive carcinoma can be made either on the basis of capsular invasion alone, vascular invasion alone, or the presence of both types of invasions. A pathologic distinction between low-grade minimally invasive (encapsulated) and widely invasive follicular thyroid carcinoma as suggested by WHO 24 is valid for prognosis and has been adopted in 26, 27 Minimally invasive carcinoma as defined as such is associated with excellent prognosis and long-term recurrence rate of Ͻ5%. 27 There is no doubt that FTC with capsular invasion alone behaves like a benign tumor, with a zero diseasespecific mortality as well as distant metastases at 10 years' follow-up, regardless of primary treatment. 14 FTC with capsular invasion alone should be managed with a more conservative surgical approach in the form of hemithyroidectomy without additional therapy in view of its excellent survival rate. 14, 30 On the other hand, the presence of vascular invasion alone increased the disease-specific mortality to 28% at 10 years, 14 although in multivariate analysis, the presence of distant metastases was the only independent prognostic factor for survival. Vascular invasion alone may be a better indication of malignancy than capsular penetration 4,25 because of the greater probability of recurrence and metastases caused by angioinvasion. It was suggested that minimally invasive encapsulated FTC with vascular invasion should be distinguished from those with capsular invasion only. 29 Encapsulated FTC with capsular invasion alone should be termed minimally invasive carcinoma, whereas those with vascular invasion should be coined angioinvasive 29 or moderately invasive carcinoma. 19 However, the association of vascular invasion in minimally invasive carcinoma with poorer prognosis was demonstrated in some 14, 19 but not all studies. 27, 38 Interestingly, the most frequently used prognostic systems did not include the extent and degree of invasion (minimally invasive versus widely invasive FTC) as well as vascular invasion in their criteria. In our present study, we incorporated the histologic subtypes of minimally invasive (encapsulated), angioinvasive, and widely invasive carcinomas into the multivariate analysis to define its role in predicting survival. However, similar to others, 14, 27, 38 we were unable to document the significance of either vascular invasion or histologic group as an independent prognostic factor in the multivariate analysis. None of our patients with minimally invasive FTC with or without vascular invasion died of thyroid cancer. Patients with widely invasive carcinoma were presumed to have a number of other confounding factors, such as older age, incomplete excision due to widespread invasive growth, and the presence of distant metastases at presentation.
For those patients who underwent a complete excision in the absence of distant metastases, both older age and widely invasive carcinoma were the risk factors for survival. Histologic classification according to the extent of invasion into minimally invasive or widely invasive carcinoma remains useful and reliable for guiding the management of this subgroup of patients after potential curative surgical treatment. Either bilateral thyroid resection or I 131 therapy was associated with an improved survival in this selected group of patients with widely invasive carcinoma, although the number of patients was probably too small to reach statistical significance. On the other hand, total thyroidectomy with I 131 treatment should also be adopted for patients with distant metastases or residual disease because patients can be re-verted back to disease-free with long-term survival after therapy during follow-up.
CONCLUSION
Commonly adopted staging systems for WDTC or PTC can be applied specifically to patients with FTC. The UICC/ AJCC pTNM staging system remains the most accurate prognostic system for FTC and is the staging system of choice for comparison purposes as well as guiding management. Despite the lack of significance as an independent prognostic indicator, the distinction of FTC between minimally invasive and widely invasive carcinomas based on histomorphology criteria using the degree and extent of invasion is important and practical in the identification of low-risk patients for a more conservative management. Vascular invasion in minimally invasive FTC can be associated with distant metastases and locoregional recurrence, but this does not seem to adversely affect the long-term prognosis. Hemithyroidectomy can be considered as adequate treatment of patients with minimally invasive carcinoma with or without vascular invasion after histologic confirmation, whereas total thyroidectomy followed by adjuvant I 131 therapy should be reserved for patients with widely invasive carcinoma based on histomorphologic criteria or for those high-risk patients using the commonly adopted staging systems.
